S eptic arthritis in a native joint is a devastating entity for patients and a difficult problem for clinicians. Total joint destruction can result, with negative clinical outcomes. [1] [2] [3] [4] [5] [6] It is associated with sepsis and can become life threatening. 7, 8 Most cases are spread hematogenously through an episode of bacteremia. Rarer causes include trauma, intra-articular joint injection in intravenous (IV) drug abusers, and joint aspiration. Common causative organisms include Staphylococcus and Streptococcus species, with Staphylococcus species being the most common. Research has documented pathogen prevalence among specific populations. For example, gram-negative organisms, including Pseudomonas and Escherichia coli, are known to occur in patients with a history of IV drug abuse. 1, 9 Despite prompt diagnosis and appropriate treatment, septic arthritis has a mortality rate of approximately 15% and significant morbidity. 7, 8 The purpose of the current study is to outline the prevalence of causative organisms in this patient population, study the relationship of correlating organisms found on blood cultures and joint fluid analysis, and analyze how different factors affect hospital length of stay (LOS).
The objective of this retrospective study was to assess what factors affected length of stay (LOS) in 183 adult patients with native septic arthritis. Diagnosis was based on a representative physical examination, fluid cell count/ Gram stain, and organisms isolated from joint fluid culture. Data included demographics, comorbidities, laboratory results, treatment, and discharge times. Joint fluid cultures were positive in 55% (100 of 183) of the patients, and these patients were the subjects of this study. Blood cultures were taken for 65 patients and were positive in 54%; when positive, they were found to be the same as isolates from joint fluid analysis 91% of the time. Pathogens found in joint fluid analysis were as follows: methicillin-susceptible Staphylococcus aureus (MSSA), 44%; methicillin-resistant S aureus (MRSA), 21%; Streptococcus species, 14%; Pseudomonas, 10%; and other organisms, 11%. Surgical washout less than 24 hours from diagnosis affected LOS (12.25 vs 16.96 days for >24 hours; P<.05), but pathogen type and comorbid conditions did not. Average time for culture sensitivities was 4±1 days. Almost half of the patients had MSSA. Delays that could be controlled were getting an early diagnosis and expedient surgical washout of the joint. A lack of insurance and a requirement of intravenous antibiotics prolonged stay, whereas age, sex, and ethnicity did not. Waiting for bacterial sensitivities was a factor that could not be controlled. The authors believe that polymerase chain reaction or other technologies could lead to early diagnosis and expedient surgery. Effective oral antibiotics against resistant organisms would help the patients leave the hospital earlier. Length of stay was chosen due to its influence on the financial burden faced by patients and hospitals and the increased risk of infection.
Materials and Methods
After institutional review board approval, 183 consecutive cases of native joint infections between 1999 and 2008 were identified and placed in a database. There were no joint replacement patients in this group. Inclusion criteria were the following: adult patient (18 to 99 years old) with a diagnosis of septic arthritis, based on a specific organism being isolated from the joint fluid culture. Initial septic arthritis diagnosis was based on a positive joint fluid analysis (>50,000 nucleated cells/mL) and/or a positive Gram stain associated with a physical examination. Only patients who grew a specific organism on joint fluid culture were included. All patients had a surgical washout. Eighty-three cases were excluded because they did not have positive cultures. The database was then used to study the authors' specific questions.
Medical records were searched and the following information was collected: treatment times and dates, demographic information (race, age, sex), past medical history (hypertension, coronary artery disease, diabetes mellitus, IV drug abuse, viral infection, previous septic joint, endocarditis), laboratory values (joint fluid analysis results, joint fluid culture results, Gram stain, minimal inhibitory concentration results, blood cultures), infection site, and treatment (antibiosis, time from arrival to diagnosis to washout).
Common confounding factors were assessed for possible association with hospital LOS to determine whether they should be included as covariates in the model of washout vs LOS. Variables chosen for analysis were age, sex, and ethnicity. Age was compared with hospital length using Spearman's correlation to account for the non-normal distribution of hospital LOS. Sex and ethnicity were reduced to dichotomous variables (male/female, black/white), and these were analyzed with Mann-Whitney U tests for similar reasons. Bonferroni corrections were not performed because these were exploratory tests for inclusion in a potential final model for comorbidities vs LOS. Statistical analyses were performed using SAS 9.3 statistical software (SAS Institute, Cary, North Carolina).
results
After applying the exclusion criteria, 100 cases were left for study. The following pathogens were found: methicillin-susceptible Staphylococcus aureus (MSSA; n=44); methicillin-resistant S aureus (MRSA; n=21), Streptococcus species (n=14), Pseudomonas (n=10), E coli (n=3), Serratia marcescens (n=3), Neisseria gonorrhoeae (n=2), Salmonella (n=1), Corynebacterium diphtheriae (n=1), S epidermidis (n=1) ( Table 1 ).
Sixty-five of 100 patients underwent blood culture testing. The joint fluid analysis and blood cultures were taken in the emergency department during the initial patient evaluation. Of the 65 blood cultures, 35 (54%) were positive for bacterial growth. Table 2 shows the breakdown of the different organisms found on the blood cultures. Ninety-one percent (32 of 35) of the patients with positive blood cultures also had the same correlating isolates in the joint fluid culture. Three cases found positive results for both blood culture and the joint fluid isolate that did not correspond to one another. One of these outliers was positive for Candida albicans bacteremia.
The 100 cases were then separated into specific joint fluid aspiration organisms relative to LOS ( Because LOS related to each organism was comparable, confounding variables were considered. It became apparent that a patient's medical history could (Figure 2) ; this was a statistically significant difference (P<.05) according to the Mann-Whitney U test.
Other institutional factors that were identified that could prolong LOS included time to final cultures with sensitivities for antibiotics. Discharge planning, particularly waiting for discharge medication and home therapy, once the joint had been definitively washed out can lead to delays in a patient's release. The joint fluid culture is usually drawn in the emergency department or operating room; for this study, the authors used the aspirate drawn in the emergency department. Joint fluid cultures took an average of 3.99 days-3.94 days for positive cultures and 4.33 for negative cultures, a difference that was not statistically significant (P=.069). Blood cultures took longer, averaging 4.92 days, with a statistically significant difference (P=.045) between positive and negative blood cultures. Positive blood cultures took an average of 4.57 days, whereas negative cultures took an average of 5.125 days. Once the patient had the final washout and had culture and sensitivities reported, average time for discharge was calculated. Discharge planning for IV antibiotics took an additional 5±2 days.
Neither age (Table 4) , nor sex (Table  5) , nor ethnicity ( Table 6 ) was found to be statistically associated with LOS. Spearman correlation between age and LOS was -0.09 (P<.35). Mann-Whitney U rank analysis demonstrated no significant difference between men and women (P<.81) or between black patients and white patients (P<.93). These variables, lacking any association with the outcome of interest, were therefore not included as covariates in final analysis.
discussion
Multiple studies have identified the most common non-gonococcal etiologies of septic arthritis ( Table 4) . [10] [11] [12] The most common pathogens are Staphylococcus species, Streptococcus species, and gramnegative bacilli such as P aeruginosa or E coli. Three of these studies [11] [12] [13] included children, and only 1 mentioned IV drug abuse, 13 reporting only 3 of 150 patients with this history. The current study revealed similar prevalence data (Table 4) , with some interesting differences. The patient population is unique compared with other studies of septic arthritis; it includes generally economically underprivileged patients and a high incidence of illicit drug use. Because the database included patients' associated past medical histories, specific risk factors associated with certain pathogens could be examined. There is a well-documented association between IV drug abuse and gram-negative organisms. 1, 9 Sixty-seven percent (67 of 100) of the patients in the current study were either current or former IV drug users at the time of diagnosis. With this knowledge, a high incidence of gram-negative organisms is expected. However, only 10 cases of P aeruginosa, 3 cases of E coli, 3 cases of S marcescens, and 1 case of Salmonella were identified in the database. The overall reported prevalence of gram-negative organism in septic joints is between 1% to 20%. [10] [11] [12] 14 Despite the high incidence of IV drug abuse in the current study's patient population, only 17% of the septic joints were caused by gram-negative organisms. Although the reason for this is unknown, one possibility is that a relatively high incidence of IV drug abuse exists universally in septic arthritis patient populations. Although the studies mentioned (Table 4) were the largest of their kind in the reviewed literature, 3 of the 4 did not include a history of IV drug abuse.
Septic arthritis in native joints is usually caused by a hematogenously spread bacteria. Therefore, a strong correlation should exist between joint fluid pathogens and blood pathogens. Of the 100 patients in the current study, 65 had blood cultures drawn, but only 35 (54%) grew a pathogen. Ninety-one percent (32 of 35) of the patients with positive blood cultures also had the same correlating isolates in the joint fluid culture.
There is a growing body of research outlining the virulence of S aureus in septic arthritis of native joints. 1, 18 Given the documented virulence factors of specific organisms, an LOS trend relative to each bacteria may be identified. However, average LOS was found to be relatively consistent between organisms, with no statistically significant difference identified. Patients' past medical histories may have skewed these findings because one group may have a higher incidence of comorbid medical conditions prolonging LOS. To control for confounding variables, patients were stratified into groups of 0, 1, 2, or 3 or more major comorbid conditions. The major comorbidities associated with septic arthritis-diabetes mellitus, viral illness (HIV or viral hepatitis), endocarditis, coronary artery, hypertension, and history of IV drug abuse-were highlighted because these are classically associated with septic arthritis, immunocompromised state, and increased hospital LOS. 1, 8, 11, 19, 20 This study's results indicate that past medical history was equally distributed among patients with septic arthritis, meaning the LOS-specific organisms results were not skewed. Admittedly, inferring bacterial virulence from LOS data is associated with confounding variables. However, the results indicate that specific organisms may not directly relate to the hospital course. It is probably related to other unknown factors, such as the natural working characteristics of the laboratory, implementing appropriate antibiotics or surgical treatments, and discharge processes.
It is widely known that a patient should undergo surgical washout as soon as possible to prevent chondrolysis, total joint erosion, fulminant sepsis, and death in affected patients. Therefore, this study examined how the timing from diagnosis to surgical washout influenced LOS. A statistically significant difference increase in LOS by 4.65 days (P<.05) was found for those undergoing delayed surgical washout beyond 24 hours. Not only does this increased number represent a more complicated convalescence, but also higher costs associated with delay in treatment. This information is important in helping guide clinical and surgical timing and to minimize the time from diagnosis to treatment. The factors influencing treatment delay are multifactorial and could include confirmation of the clinical diagnosis, medical clearance for surgical intervention, delay in obtaining an operative theater, or availability of the surgical staff. Revised hospital policies, practices, and coordination of care between specialties can help to remedy these factors. Although culture growth time did not affect time to surgical intervention, it changes the timing of antibiotic administration because appropriate antibiotics are chosen after pathogen determination. Blood cultures and joint fluid culture results usually took several days to obtain. However, if these methods could be replaced by quicker methods, such as polymerase chain reaction, 21 the best antibiotics could be determined earlier, potentially decreasing LOS and obtaining better results. The use of IV antibiotics could further increase hospital LOS because discharge planning for IV antibiotics was on average 5 days. Several patients stayed in house for 2 weeks of IV antibiotics prior to discharge on oral antibiotics due to lack of insurance and antibiotic resistance to common affordable oral antibiotics. Introducing effective oral antibiotics could significantly decrease LOS.
It was surprising that, of the variables explored as confounders, age should not have a meaningful association with hospital LOS. This is likely because this cohort was younger than the typical inpatient population and was generally hospitalized for the same reason: septic joint. Therefore, it was judged reasonable that age should not have a strong correlation with LOS in this cohort. Despite a roughly equal representation of the sexes, no difference was exhibited between their LOS.
As with other types of sepsis, delays in the definitive treatment of septic joint are associated with notably worse outcomes. However, this study is not without its drawbacks, particularly due to its retrospective nature. The authors had the advantage of retrospectively looking at which joint fluid cultures were actually positive for bacteria. Although the cohort size of 100 patients is comparable with previously published articles, a larger population would better serve the results. There were 83 patients with no organism growth, but clinical and joint fluid analysis led the authors to conclude that they had a septic joint nonetheless, with many undergoing surgical washouts following the adult septic joint protocol. The inability to isolate an organism, or perhaps the misdiagnosis of an organism, will be the focus of a follow-up study.
conclusion
This study found that in the majority of cases (91%), the bacterial isolate in the joint fluid matched that of the blood cultures. There was no appreciable difference in hospital LOS between bacterial pathogens. Comorbidities did not significantly influence LOS. Despite the high incidence of IV drug abuse in the patient population, there was no notable increase in the incidence of gram-negative associated septic arthritis, which was unexpected. Results showed that if surgical washout is delayed more than 24 hours from the time of diagnosis of septic arthritis, there is an increased associated hospital LOS.
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